Abstract
How strong is the H⋅⋅⋅H bond in solid BH3NH3? Insight from periodic density functional calculations predicts an average value of 12.7 kJ mol −1 , reassigning the interaction towards the lower end of the dihydrogen bond strength spectrum.
Main text
The "dihydrogen bond" D Hδ + ⋅⋅⋅δ − H E-where D is a typical electrostatic atom such as nitrogen or oxygen, and E is a transition metal or boron-was first described by Crabtree and co-workers. To date, all computational studies investigating properties of this unusual intermolecular bond refer to isolated dimer (i.e., gas-phase) models, which do not resemble the crystal structure all that closely (Figure 1 a, b1 ).
The global minimum calculated by Crabtree and co-workers contains two H⋅⋅⋅H contacts (PCI-80/B3 LYP, Given that the dimer models do not mimic the crystal structure all that closely, it is now timely to revisit the dihydrogen bond found in solid BH 3 NH 3 using a periodic quantum mechanical modeling approach, where the full crystallographic unit cell is used as the model for calculation. An optimized structure (unit cell and atomic positions) has been obtained with plane-wave density functional theory (PW-DFT) and the energy per molecule in the crystal lattice calculated. Deleting all but one molecule from the crystal lattice, and stretching the unit cell parameters (i.e., creating a pseudo-isolated molecule) effectively takes us to the gas phase. account gives a value for the sublimation energy [6] at 0 K of 76.0 kJ mol-1. §,¥ As each BH 3 NH 3 molecule in the crystal lattice is connected by twelve intermolecular dihydrogen bonds to its neighbours [i.e. an intermolecular bond order of six, see Figure 1 (a)] we thus estimate the average value for the dihyrogen bond present in the crystal structure to be of the order 12.7 kJ mol -1 .
,
To demonstrate that the PW-DFT supercell method can reliably calculate binding energies for this system, we have also performed calculations for the dimer structure obtained by Li et al. (see Figure 1 d and ZPE correction not applied for consistency with our calculations). We note that our optimized structure exhibits a slightly shorter H⋅⋅⋅H interaction (1.94 versus 2.04 Å obtained by Li et al.) , and this may explain why our simulations return a slightly stronger bond.
In conclusion, we have performed PW-DFT calculations to investigate the strength of the dihydrogen bond in the solid-state structure of BH 3 NH 3 . The initial parameters used in our periodic calculations are taken directly from the experimental crystallographic coordinates and unit cell, thus bypassing the need to construct a dimer model to mimic features of the solid-state geometry. Our simulations predict an average value of 12.7 kJ mol −1 (no ZPE correction) for the interaction in solid BH 3 NH 3 , thus reassigning it towards the lower end of the dihydrogen bond strength spectrum.
Computational Methods
A full discussion of the computational methods employed in this work is available in the supplementary information.
Notes and references § This value at present does not include ZPE correction, which would require the full set of vibrational modes to be averaged over all of k-space. This represents an extremely costly calculation to perform and is currently outwith our computational resources.
¥ Unfortunately there is currently no experimental sublimation energy available in the literature for comparison.
 Note, as the PW basis set is by its very nature delocalised, no correction for BSSE is necessary.
 It should be remembered that the current generation of DFT functionals cannot account for non-local dispersion interactions, however such contacts are likely to be of minimal importance for the 1st row element compound BH3NH3.
